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Abstract
© 2018, Fundatia Serban Solacolu. All rights reserved. In this study, a mineral matrix based on
alkali-activated slag cement (AASC) was found to be suitable for solidification of up to 35% (by
volume)  of  borate  ion-exchange  resins  (IERs)  at  pH  values  of  8.5  to  10.5.  Experimental-
statistical  modelling,  X-ray  diffraction,  and  scanning  electron  microscopy/energy  dispersive
spectroscopy analyses were used to study the waste samples. According to the results of a four-
factor experiment, the strengths of waste samples based on AASC-based mineral matrices and
borate IERs were mostly determined by the nature of the alkali component and the pH of the
borate IERs. The strengths of the waste samples could be improved by some modifications of
the binder material - increasing the Na2O concentration and introducing polypropylene fibres.
The main reaction products in the (GGBFS)-(sodium metasilicate, sodium hydroxide)-(borate
s o l u t i o n )  s y s t em  we r e  C - ( A ) - S - H ,  c a l c i t e  ( C a CO3 ) ,  h y d r o t a l c i t e
(MgO6.667Al0.333)(OH)2(CO3)0.167(H2O)0.5calcium silicate hydrates C-S-H (I) - CaO.SiO2.H2O
and Ca1.5.SiO3.5.H2O, and ulexite NaCaB5O6(OH)6(H2O)5.
Keywords
Alkali-activated slag cement, Calorimetric test, Compressive strengths, Ion-exchange resin
waste, Modeling, Polypropylene fibre
References
[1] E. Lafond, C. Cau Dit Coumes, S. Gauffinet, D. Chartier, P. Le Bescop, L. Stefan, A. Nonat, Investigation of the
swelling behavior of cationic exchange resins saturated with Naions in a CS paste. Cem Conc Res 2015, 69, 61.
[2] J. Wang, Z. Wan, Treatment and disposal of spent radioactive ion-exchange resins produced in the nuclear
industry. Prog Nucl Energ 2015, 78, 47.
[3] M.  Natsuda,  T.  Nishi,  Solidification of  ion exchange resins using new cementitious material.  (1)  Swelling
pressure of ion exchange resin. J Nucl Sci Technol 1991, 29, 883.
[4] P. Le Bescop, P. Bouniol, M. Jorda, Immobilization in cement of ion exchange resins. Mater Res Soc Symp Proc
1990, 176, 183.
[5] IAEA, 2002. Application of ion exchange processes for the treatment of radioactive waste and management of
spent ion exchangers. TRS No. 408.
[6] Y.Z. Zhou, G.C. Yun, Solidification of spent ion exchange resin using ASC cement. J Tsinghua Univ Sci Technol
2002, 7, 636.
[7] J. Li, J. Wang, Advances in cement solidification technology for waste radioactive ion exchange resins: A review.
J Hazard Mater 2006, B135, 443.
[8] V.N. Epimahov, M.S. Olejnik, Radioactive Ion Exchange Resin Inclusion Into Inorganic Binder. Atom Energy
2005, 99(3), 171.
[9] L.W. Pan, B.D. Chang, Optimization for solidification of lowlevel- radioactive resin using Taguchi analysis, Waste
Manag 2001, 21, 767.
[10] M.S.  Olejnik,  V.N.  Epimahov, V.V.  Trofimov, Inclusion of  radioactive ion-exchange resins into slag binder.
Radiochem 2010, 52(6), 516.
[11] Q. Sun, J. Li, J. Wang, Solidification of borate radioactive resins using sulfoaluminate cement blending with
zeolite. Nucl Eng Des 2011, 241, 5308.
[12] P. Kryvenko, H. Cao, P. Petropavlovskyi, L. Weng, O. Kovalchuk, Applicability of alkali-activated cement for
immobilization of low-level radioactive waste in ionexchange resins. East-Eur J Enterpr Techn 2015, 1/6(79), 40.
[13] N. Rakhimova, R. Rakhimov, V. Morozov, L. Potapova, Y. Osin, Mechanism of solidification of simulated borate
liquid wastes with sodium silicate activated slag cements. J Clean Prod 2017,149, 60.
[14] E. Shinkevich, Y. Zaytsev, Structural Durability, Deformation Properties and Fracture Mechanics Parameters of
Advanced Silicate Materials, Proceeding of 18th European Conference on Fracture of Materials and Structures
from Micro to Macro Scale, Dresden, Germany, 2010.
[15] Y. Lutskin, E. Shinkevich, Analysis of the Relationship Between Microstructure and Properties of Activated Lime-
Silica Composites on the Basis of Experimentally-statistical Modelling. Techn J 2015, 9, 27.
[16] Y.  Lutskin,  E.  Shinkevich,  Y.  Mariyanko,  Aerated  Complex  Activated  Composites  on  Silicate  Matrix  of
Thermalmoisture Hardening, Proceeding of 14th International Congress on the Chemistry of Cement, Beijing,
China, 2015, 632.
[17] R.O. Abdel Rahman, R.Z. Rakhimov, N.R. Rakhimova, M.I. Ojovan, Cementitious Materials for Nuclear Waste
Immobilization. Chichester: Wiley; 2015.
